The postantibiotic effects (PAEs) and postantibiotic sub-MIC effects (PA SMEs) of tilmicosin, erythromycin and tiamulin on erythromycin-susceptible and erythromycin-resistant strains of Streptococcus suis (M phenotype) were investigated in vitro. Tilmicosin and tiamulin induced significantly longer PAE and PA SME against both erythromycin-susceptible and erythromycin-resistant strains than did erythromycin. The durations of PAE and PA SMEs were proportional to the concentrations of drugs used for exposure. The PA SMEs were substantially longer than PAEs on S. suis (P<0.05) regardless of the antimicrobial used for exposure. The results indicated that the PAE and PA SME could help in the design of efficient control strategies for infection especially caused by erythromycin-resistant S. suis and that they may provide additional valuable information for the rational drug use in clinical practice.
INTRODUCTION
Streptococcus suis is one of the principal etiologic agents of contagious bacterial disease in pigs. It can cause a variety of clinical syndromes including meningitis, arthritis, pericarditis, polyserositis, septicaemia, pneumonia. Infection may cause death in weaning piglets as well as growing pigs.
The disease has a worldwide distribution and causes considerable losses to pig production (12) . As an emerging zoonotic pathogen, S. suis can be transmitted to human beings by direct contact (16, 18, 35) . In 2005, an unprecedented outbreak in China resulted in more than 200 human cases that were directly linked to a concurrent outbreak of S. suis infection in pigs. About 20% of these human cases were fetal (18, 35) .
At present, prevention and control of the disease are based on the use of autogenous vaccine and antimicrobial drugs (32) . Macrolides and fluroquinolone, such as erythromycin, tylosin and enrofloxacin, have been considered as the effective substitutes for penicillin because S. suis isolates are historically highly susceptible to these drugs.
However, some of the commonly used antibiotics (erythromycin, enrofloxacin, etc) for treatment and prevention of S. suis infections in pigs are becoming less effective, due to an increase in resistance among S. suis isolates in recent years (11, 30, 32, 36) . Now more active
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MATERIALS AND METHODS

Bacterial strains
Fifteen strains of S. suis were isolated in 2007 from the liver and spleen of diseased weaning piglets in two swine farms from Jiangsu and Shanghai in China. In these two herds, usual antibiotics including macrolide, -lactams, fluroquinolones are used to treat some infections caused by E. coli, Salmonalla, S. suis etc. SS2D strain was isolated from diseased pigs in Germany. The serotypes were determined as type 2 using a PCR method for detecting MRP and, EF virulence factors in S. suis (21, 34 
Erythromycin-resistant phenotype
All erythromycin-resistant strains were analyzed for the phenotypes by double disk method described for Streptococcus pyogenes (28) . A sterile cotton swab was 
Determination of PAE and PA SME
To determine the PAE, bacterial cultures (approximately 10 6 cfu/ml) were first exposed to antibiotics at 1/4, 1/2, 1 and 2 times the MIC for 1 and 2 hours, respectively. At the end of the exposed period, the antibiotic was removed by diluting 1:10 3 into the prewarmed, antibiotic free broth for three times. For quantitation of the PAE, viable counts were determined continuously before and after antibiotic exposure and then hourly for 24h by plate counting method. PAE was expressed with the unit of hour and determined by the formula PAE=T-C, where T was the time required for the antimicrobial exposed test culture to increase by 1log 10 (10 fold) after elimination of antibiotics, and C was the time required for the number of orgnisms in the control tube to increase by 1log (24) .
To induce PA SMEs, bacterial cultures in postantibiotic phase (induced with 1/4 MIC for 2 h) were exposed to antibiotics at 1/8, 1/4, 1/2 times the MIC. The same procedures described above for PAE were used thereafter. PASME was defined as follows: PASME=Tpa-C, where Tpa is the time for cultures previously exposed to antibiotic and then reexposed to different sub-MICs to increase by 1log 10 above counts immediately after dilution and C is the cprresponding time for the unexposed control (23) .
Statistics
Statistical analyses were performed using software SPSS 13.0. The differences between the duration of PAE of different drugs were analysed using two-tailed paired t-test, followed by Bonferroni's multiple comparison tests when appropriate. A P-value < 0.05 was considered to be statistically significant. 
RESULTS
MICs
Determination of PAEs
The mean duration of the PAE (±SD) in hours for erythromycin-susceptible and erythromycin-resistant strains to erythromycin, tilmicosin and tiamulin are displayed in Table 2 and 
Determination of PA SMEs
The results (Table 4) showed that the durations of PA SMEs were also proportional to the concentrations of drugs used for exposure. The PA SMEs of tiamulin and tilmicosin significantly longer than PAEs (P<0.05); however, there were no significant differences between the PA SMEs of taimulin and tilmicosin (P>0.05). (20) . Tilmicosin is a new macrolide antibiotic synthetically derived from tylosin, which is specially used in veterinary medicine (10, 15) . Tiamulin was evaluated with tilmicosin because it has similar antimicrobial mechanism with macrolide and is commonly used to treat infections in swine and poultry (3, 5, 13, 27) . In this study, the MIC and MBC results in Table 1 showed that tilmicosin and tiamulin
were not only more active against susceptible S. suis strains Much work about the PAE mechanism of tiamulin remained to be continued.
In addition, our experiment indicated that PA SMEs lasted longer than PAEs. This means PAEs are not sufficient to predict the effects of antibiotics in the in vivo situations.
The PA SME maybe more clinically relevant compared to the PAEs during intermittent dosage regimens, since suparinhibitory concentrations will be followed by exposure to subinhibitory concentrations in vivo. The interaction between sub-MIC of antibiotics and immune system is probably of great importance for therapeutic success when antibiotics are administered at long intervals. However, the relevance of these observations to clinical situation remains to be further investigated, since other variables such as pharmacokinetics may significantly change the clinical outcome of PAE and PA SME.
CONCLUSION
The presented results revealed that tilmicosin and tiamulin were characterized by a powerful antibacterial activities and prolonged PAE and PASME against multidrug resistant S. suis. These results indicate that tilmicosn and tiamulin might be administered in longer time intervals without losing effectiveness than those already applied, and the greater success will be achieved in dosing regimes in large scale producton of swine and poultry. The knowledge on the PAE and PASME of a particular antibiotic may avoid unnecessary administration, which in turn reduces the stress to animals. To the most important, emerging resistance to macrolides in Streptococcus suis is a very important point, so appropriate regimes to minimize the development of resistance is crucial. These hypotheses remaine to be proved in a clinical setting that a modified dosage scheme based on prolonged PAE and PASME.
